The new, larger CL oftware maintenance is an impor-nomical information presentation - The examples given in the following disbeen added. cussion were implemented at the Univer-
The new, larger CL oftware maintenance is an impor-nomical information presentation - The windows show the input, Interaction Laboratory for use in experi-entire routine, they can make corrections output, related data objects, and the code mental research aimed at determining the more easily and with greater accuracy. manipulating them. Programmers can usefulness of these and other techniques. Seeing the full area in which the correction have the interpreter step through the code The equipment used consisted of an IBM is made allows them to see the impact of one statement at a time. They can then see 3290 plasma display workstation, which many modifications. the input being read, the data objects being displays 62 lines of 160 characters, but the manipulated, and the output being prostrategies themselves can be applied to any duced. Use of such an environment allows large display. We have also implemented Synchronized scrolling programmers to see precisely where the many of these strategies on small personal Synchronized scrolling allows the dis-data is incorrectly modified. Synchronized computer displays.
play of two or more files of related infor-scrolling is also helpful in isolation and mation and automatically positions all detection, since it can present multiple files whenever the user moves any file. As views of the same object.
Fusion the user scrolls one file, all other files scroll Another use of this approach is to have
The simplest coordination strategy is as well. No new commands are needed to the same comment appear in a flowchart, fusion, in which many lines of code are dis-use synchronized scrolling. The complex-its PDL, and the related code. Synchroplayed in sequence on multiple windows. ity of the relationship between the files nized movement is proportional between We can better understand the concept of determines the complexity of the synchro-these token comments. Comprehension fusion if we think of the windows as one nization program. Synchronized scrolling becomes much easier, since we have mullogical screen. Let us look at an implemen-can be useful in viewing two versions of a tiple levels of complexity for context. This tation of fusion on an IBM 3290 worksta-program or in evaluating test cases and particular use is reflected in the hierarchition. The 160-column, 62-line screen layout their results.
cal browser, which is discussed later. was vertically bisected to give two 80-column, 62-line windows, shown left and Fixed ratio. The simplest synchronizaright for a total of 120 lines. The program-tion method is based on a constant ratio Embedded selection mer could then turn one or two pages of between the number of lines that should be When viewing source code, programcode at a time, either bringing up the next scrolled in each window. Perhaps the com-mers are not simply reading the text; they two pages or bringing up one page and ments and code for a program are in sepa-are also attempting to understand its strucmoving the other page over to keep the rate files. Blank lines may be used to keep ture. Only a limited number ofunique sympages in left-to-right order. Fusion allows a one-to-one ratio between the files, so a bols appear in the code, and these are either for normal editor commands to move par-synchronized editor can be called with that user-defined or system or language keytial pages or perform string searches.
ratio. In the same manner, a file contain-words. User-defined symbols include rouFusion may be most helpful when work-ing a description of maintenance changes tine names and variables and type and ing with large portions of code that must to a program could be viewed along with constant identifiers. System-or languagebe considered as a whole to fully compre-the code and design specification for that defined symbols are predefined elements, hend the meaning. When viewing large code. All this information must be easily availlearning new commands. All they need is window moves the other so that the same able to the programmer through direct a larger screen. information appears in both. selection of the appropriate symbol, or A study by Boehm' shows that the size Synchronized windows are also a logical direct embedded selection. The programof the modification is proportional to the extension of an environment for an inter-mer simply moves the cursor onto the symchance of making an error during the mod-preted language, such as the Cornell syn-bol in the context shown on the screen and presses a select key. This selection causes manual entry for the keyword selected may
Another approach is to stress the structhe properties associated with that symbol be displayed, as was done with system rou-ture of the statement selected. When an eleto be presented in a second window. The Keywords. Each keyword has a wealth Figure 1 . An example of embedded selection. The highlighted variable (gray box) has of language-specific information asso-been selected, and all elements composing its declaration are displayed at the top of the ciated with it. If a keyword is selected, the screen. the symbols to the objects they represent, assignment operator might tell you its code. A second routine may also be easmaking it easier for the programmer to whether the assignment is valid. This infor-ily selected and inspected. Having a quescheck for semantic mistakes. mation is especially valuable when floating tion about a type, the programmer selects point precision is needed, as in scientific it and its declaration is displayed. With direct selection, details can be operators should be shown, since the oper-The programmer is then shown the decla-found easily, permitting the programmer ators are really functions. Selecting the ration of that routine, and is able to inspect to concentrate on the higher level structures. On-line help for rarely used statements relieves the programmer from hunting for documentation. All these is a generalization of one given in the The cursor is on a special line that provides access to the internal routines.
4 shows an implementation on the IBM
The Bettmann Archive 3290. The representation window allows gram to find a small portion of code. input line to upper case?" and the answer the programmer to select the routine to be When the source code is directly acces-is a candidate routine. The programmer displayed in the source window. Note that sible through the representation window, displays the source code for that routine this approach clearly supports the top-the programmer is freed from the tedious and reads it. Even if the wrong routine is down design methodology, because the manipulation and switching of contexts. chosen, information is learned because the representation is one level closer than the The question becomes, "Which element of programmers move to known routines source code to the program design.
the design is responsible for converting an rather than meaningless line numbers.
Isolation and design changes. The hierarchical browser strategy helps the programmer understand the program in two- The hierarchical browser strategy proThese characteristics, while particular to his environment, so multiple representavides two important features: a structured our environment and experimental goals, tions should be available, such as data flow presentation of the program to the reader reflect common-sense objectives that apply or execution flow. and access to the source code through this to any environment: The Table I shows the means and had never before seen the browser. The subjects scrolled the program and did standard deviations of the times to answer browser's wide acceptance, even in a firststring searches. We used a split-plot fac-the questions per subject in minutes.
time use, proves that it is helpful in studytorial design to test the differences between There was a statistically significant inter-ing 1400-line Pascal programs, and possithe browser and listing modes. 16 With this action at the .05 level between the display bly others, to answer comprehension design, we tested subjects in both condi-mode, programs, and order of presenta-questions. Because the performance speed tions, using two sets of experimental tion. A post-hoc analysis showed that the of the browser was faster and the subjecmaterials and four orders of presentation. difference could be attributed to the diffi-tive response more favorable than the listTwo Pascal programs were used. One pro-culty subjects had in the listing mode when ing strategy, we believe that users prefer gram, called Pretty Printer, did Pascal they were given the Pretty Printer program hierarchical views of programs, databases, program formatting. It had 1467 lines in 67 first.
knowledge bases, text, and visual informamodules with a maximum nesting level of A review of the questions indicated a dif-tion such as maps. four. The other program was a Lisp inter-ficulty with one question that required Unfortunately, in spite of these results preter, which had 1416 lines in 27 modules using the browser to locate a module at the there were some problems. Browser users with a maximum nesting level of three. Ten fourth level of nesting. Some subjects did had difficulty locating information in roucomprehension questions, such as "Which not fully comprehend how to open the tines that were several levels down in the routine removes trailing blanks from the browser to get to the internal modules. The nesting structure. Subjects may need more input buffer and updates the buffer result was very long search times. When we experience to develop familiarity with the index?" and "Which variable contains removed the troublesome question and browser. These results need to be replicated the symbol table?" were asked for each analyzed the results based on nine ques-with other programs and tasks. However, program.
tions, we got a statistically significant the positive outcome was encouraging, and The four orders of presentation required difference for the main effect of display the subjects' comments were helpful for by the experimental design were strategy at the .05 level. This difference refining our future research efforts.
indicates that performance is faster with * browser mode/LisP iterpreter fol-the browser display mode.
lowed by listing mode/Pretty Printer, On the average, Browser users made 5.3 Maintenance * browser mode/Pretty Printer fol-string searches, while listing users made applications lowed by listing mode/Lisp inter-32.8 string searches, again underlining the The strategies described here focus on preter, efficacy of the representation window in browsing programs, but many more issues * listing mode/Lisp interpreter fol-locating desired information.
must be considered when integrating a true lowed by browser mode/Pretty When asked, "Which editing mode do maintenance workstation into the managePrinter, and you feel best enabled you to find the ment and design practices of an organiza-* listing mode/Pretty Printer followed answers to the questions you were given? " tion. Let us briefly look at one scenario.
by browser mode/Lisp interpreter, subjects favored the browser 13 to 3. When The maintenance programmer has two asked, "Of the two editing modes used large-screen displays, each capable of Subjects and procedure. The subjects were which do you prefer? " subjects favored the showing two 60-line by 80-column win-16 graduate and senior students at the Uni-browser 15 to 1. Finally, when asked, dows ( Figure 5 ). The first window contains versity of Maryland who had written Pas-"Which editing mode do you feel is more a log of the 20 to 30 maintenance suggescal programs longer than 500 lines. Each consistent with the way in which you view tions that have been made in the past two was tested individually and was paid for the structure of a Pascal program?" all 16 weeks. By pointing at six to eight of the participation in the experiment. Four sub-subjects chose the browser.
suggestion titles, the MP produces the full jects were randomly assigned to each of the four presentation orders. 
